Objectives. Relationships between regional body fat distribution and sex hormones as well as changes in sex hormones after weight loss were evaluated. Setting. All subjects were hospitalized in the Institute of Internal Medicine of the University of Verona. Subjects. Twenty-six premenopausal (age 33.7p 10.2 years) and 15 postmenopausal (age 57.9p5.9 years) obese women. Interventions. Body weight, body-mass index, waist and hip circumferences, visceral fat by computed tomography and sex hormones were evaluated before and after 4 weeks on a very low energy diet. Results. Body-mass index was higher in pre-than in postmenopausal women, although the difference was not significant. Total and free testosterone were significantly higher in the pre-than in the postmenopausal group (P 0.001). Significant negative correlations were found between age and total testosterone (r lk0.65 ; P 0.001), free testosterone (r lk0.54 ; P 0.001), androstenedione (r lk0.46 ; P 0.01) and urinary cortisol excretion (r lk0.50 ; P 0.01). A negative correlation was
Introduction
Obesity and regional body fat distribution are associfound between visceral fat and total testosterone (r lk0.41 ; P 0.01). After adjusting for age, the negative correlation between total testosterone and visceral fat encountered both in the subject group as a whole and in premenopausal women was no longer significant, whilst a significant negative association between visceral fat and sex hormone binding globulin (SHBG) (r lk0.56 ; P 0.001) was always found. When step-down regression analysis was used to evaluate the joint effect of age, menopausal status, and anthropometric and metabolic variables on sex hormones, age was the most powerful independent variable for predicting total testosterone, free testosterone and androstenedione levels, whilst menopausal status was the most powerful predictor of FSH and LH levels. Changes in hormones after VLED were analysed separately in pre-and postmenopausal women. None of the hormones changed significantly after VLED in the postmenopausal group, except for FSH values. LH, free testosterone and urinary cortisol excretion values decreased significantly after VLED in the premenopausal group. Conclusions. Our data show that age, to a greater extent than visceral fat, seems to be negatively associated with steroid sex hormones. Weight loss seems to be associated with changes in sex hormones only in premenopausal women.
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ated with several abnormalities of sex hormones both in women and in men. In women a significant positive association has been reported between abdominal obesity, as evaluated by waist-to-hip ratio, and both total and free testosterone [1] [2] [3] . Recently, Leenen et al. [4] , in a group of 33 premenopausal women, found a positive association between visceral fat as evaluated by magnetic resonance and free testosterone, but not between visceral fat and total testosterone. On the other hand in premenopausal obese women we previously [5] found a negative correlation between visceral fat as evaluated by computed tomography and total testosterone even after adjusting for age and body-mass index (BMI).
Because only Leenen et al. [4] and ourselves [5] have directly evaluated visceral fat and sex hormones, whilst the other researchers used waist-to-hip ratio as index of regional body fat distribution and determined free testosterone by regression formula, these aspects may explain the different results.
It has been suggested that weight loss may reverse abnormal levels of sex hormones in obese premenopausal women as well as in obese hyperandrogenic women [4, [6] [7] [8] [9] [10] .
It has been found that, in premenopausal obese women but not in obese men, visceral fat loss is significantly related to a decreased androgenicity [4] .
Only Leenen et al. [4] directly evaluated visceral fat, but none of the researchers except Pasquali et al. [4, [6] [7] [8] [9] [10] have directly measured free testosterone in obese postmenopausal women undergoing weight loss treatment.
The aims of our study were to evaluate the relationships between regional fat distribution and sex hormones in pre-and postmenopausal obese women and to study changes in sex hormones after weight loss in such subjects.
Subjects and methods

Study design
The study was conducted in 41 obese female subjects, ranging in age from 18 to 68 years and with BMI ranging from 27.6-54.7. Twenty-six subjects were premenopausal, aged 33.7p10.2 years, and 15 postmenopausal, aged 57.9p5.9 years.
During the study the patients were hospitalized in a metabolic ward and were put on a very-low-energy diet (VLED).
None of the patients were taking medications, and all were in good health. None of the subjects were diabetic according to the National Diabetes Data Group criteria [11] . No subjects showed signs of hirsutism, and all premenopausal women reported regular menses (more than 11 per year). All subjects were evaluated before and after 4 weeks of VLED. Premenopausal women were evaluated both before and after VLED during the follicular phase (between 08.00 and 09.00 hours on days 5-7 of the menstrual cycle). Women were considered to be postmenopausal if they had not menses in the past 12 months.
The study was approved by the Ethics Committee of the Institute.
Diet
The VLED contained 1286 kJ day −" , with 40 g protein, 35 g carbohydrate, and 2 g fat, supplemented with vitamins and minerals. Protein was provided in the form of milk protein supplement.
Methods
Anthropometric, metabolic and hormonal variables were measured in all subjects immediately before and after VLED.
The following anthropometric parameters were evaluated for all subjects : weight, height, BMI (calculated as body weight divided by height [2] : kg\m#) and body fat distribution as calculated by measuring abdominal fat areas with computed tomography (CT).
Circumference measurements. Circumferences were measured in standing subjects using a 1-cm-wide metal measuring tape. Waist : the minimum abdominal circumference was measured between the xyphoid process and the umbilicus. Hip : bitrochanteric circumference was measured at the outermost points on the greater trochanters.
CT measurements. Body fat distribution was determined by computed tomography (Siemens Instrument) [12, 13] . The usual radiographic parameters for abdominal investigations were used : 125 kV, 350 mA ; scanning time 4 s ; slice thickness 8 mm. A lateral topogram (scout view) was performed to identify the standard level (the fourth lumbar level) with precision. Regions of interest were outlined using a light-pen cursor (joy-stick). The preselected attenuation interval chosen for fat was k150 to k50 Hounsfield units [14, 15] . This was chosen by performing quality checks on our CT machine with a water phantom. Daily controls had to refer to these quality checks -usually performed by a Siemens technician for comparison. Total abdominal adipose tissue (AT), visceral abdominal AT, subcutaneous abdominal AT and the visceral-tosubcutaneous abdominal AT ratio were evaluated.
Total body fat volume was calculated based on the total fat area at the L4-L5 level, according to the Kvist et al. formula [16] ; body fat in kilograms was calculated by multiplying the volume by the average density of human fat (0.923) [13] .
Oral glucose tolerance test (OGTT )
Patients were given 75 g of glucose. Blood samples for determining glucose and insulin levels were obtained at 0, 30, 60, 90, 120 and 180 min. Plasma glucose was measured using a glucose oxidase method analyser (Beckman Instruments Inc., Palo Alto, USA). Plasma immunoreactive insulin underwent duplicate measurement by double-antibody radioimmunoassay using a commercial kit (Diagnostic Products Corporation, Los Angeles, CA, USA). The detection limit of the insulin assay was 1 µU mL −" , and the intra-assay coefficient of variation was 4.9 %.
Steroid sex hormones
Blood for hormone determinations was drawn between 08.00 and 09.00 hours on days 5-7 of the menstrual cycle after an overnight fast for premenopausal women. Serum concentrations of FSH, LH, 17-β-oestradiol, total testosterone, free testosterone, androstenedione and sex hormone binding globulin (SHBG) were measured by RIA using commercially available kits [17] . Both intra-and interassay CVs in all of the above methods were less than 7.5 %.
Urinary cortisol excretion was measured in 24-h urine samples by fluorometric enzyme immunoassay using a commercial kit (Baxter Healthcare Corporation, Miami, Fl, USA) ; the inter-and intra-assay coefficients of variation were 6 %.
Data analysis
Results are presented as meanpSD. 17-β-oestradiol, sex hormone binding globulin, total testosterone, free testosterone, and urinary cortisol excretion did not present normal value distributions and consequently were transformed into natural logarithms for statistical tests. Differences in baseline characteristics as well as differences in responses to weight loss between the two groups were tested using Student's unpaired t-test. Student's paired t-test was used to test the effect of weight loss on variables within each group. To test associations between the variables considered both simple and partial correlations were used.
Step-down regression analysis was done to test the joint effect of age, menopausal status, and metabolic and anthropometric variables on sex hormones. The independent variables considered were : age, menopausal status, body weight, BMI, waist, hip, total AT, subcutaneous AT, visceral AT, visceral\subcutaneous AT and body fat, as well as fasting glucose and insulin, sums of glucose and insulin during OGTT ; the dependent variables were : FSH, LH, SHBG, 17-β-oestradiol, total and free testosterone, androstenedione and urinary cortisol excretion.
A significance level of less than 0.05 was used in all analyses. Table 1 gives the mean values with standard deviations of the anthropometric, metabolic and hormonal variables in the two groups of subjects. No significant differences between the two groups were found as regards BMI, total abdominal AT and body fat. Subcutaneous AT was significantly higher in premenopausal women, whereas visceral AT, and visceral to subcutaneous AT ratio were significantly higher in postmenopausal women. FSH and LH values, of course, were greater in postmenopausal women. Total and free testosterone were significantly higher in the premenopausal group. No differences in SHBG, androstenedione and urinary cortisol excretion were observed between the two groups. Table 2 shows the correlations between the anthropometric variables and sex hormone levels at the beginning of the study in the subject group as a whole. Significant positive correlations emerged between age and FSH and LH, whilst significant negative correlations emerged between age and total testosterone, free testosterone, androstenedione levels and urinary cortisol excretion. Body weight, BMI and body fat correlated positively with urinary cortisol [13, 16] . Numbers of subjects in parentheses. *P 0.05 ; **P 0.01 ; ***P 0.001. a Only in premenopausal women (n : 26).
Results
excretion and negatively with SHBG. Negative correlations were found between subcutaneous AT and FSH, LH, SHBG levels, and between visceral AT and total testosterone. Table 3 shows the correlations between the anthropometric variables and sex hormone levels at the beginning of the study in premenopausal women. Negative correlations between age and total testosterone, free testosterone, androstenedione and urinary cortisol excretion were found. Visceral AT was negatively associated with total testosterone. A significant negative association was found between body weight, BMI, body fat, subcutaneous AT, fasting insulin and SHBG. Table 4 shows the correlations between the anthropometric variables and sex hormone levels at the beginning of the study in postmenopausal women. Visceral AT was negatively associated with SHBG, [13, 16] . Numbers of subjects in parentheses. *P 0.05 ; **P 0.01 ; ***P 0.001. [13, 16] . Numbers of subjects in parentheses. *P 0.05 ; **P 0.01 ; ***P 0.001. AT, adipose tissue ; SHBG, sex hormone binding globulin. Numbers of subjects in parentheses. *P 0.01, **P 0.001.
but not with total testosterone. A significant negative association was found between fasting glucose, insulin and SHBG.
Partial correlations between visceral AT and sex hormones after adjusting for age are shown in Table  5 . After adjusting for age, the negative correlation Table 6 Step-down regression analysis using age, menopausal status, anthropometric and metabolic variables as independent variables and sex hormones as dependent variables in all subjects (n l 41) between total testosterone and visceral AT was no longer significant in either premenopausal women or in the subject group as a whole, whilst a negative association between visceral AT and SHBG was found in the sample as a whole and in the pre-and postmenopausal subgroups. When step-down regression analysis was used to evaluate the joint effect of age, menopausal status, and metabolic and anthropometric variables on sex hormones, age proved the most powerful independent variable for predicting total testosterone, free testosterone and androstenedione levels, whilst menopausal status was the most powerful predictor of FSH and LH levels and fasting insulin the most powerful predictor of the SHBG value. BMI, visceral AT and fasting insulin were all included in the ' best fitting ' regression equation for predicting urinary cortisol excretion (Table 6 ).
The effects of weight reduction on the variables measured are given in Table 7 .
Mean body weight, visceral AT and body fat decreased significantly after VLED in both groups. None of the hormonal variables changed significantly after VLED in the postmenopausal group, except for FSH values. LH, free testosterone and urinary cortisol excretion values decreased significantly after VLED in the premenopausal group, whereas SHBG was significantly higher after VLED in that group. Changes in FSH, LH, SHBG, total testosterone and free testosterone levels were significantly different in the two groups.
Discussion
This study shows that age to a greater extent than visceral AT seems to be associated with a decrease in sex hormones. No effect of weight loss on sex hormones was found in postmenopausal women, whilst a beneficial effect was observed in the premenopausal group.
Our findings of negative associations between visceral AT and total testosterone in women seem to confirm our previous report [5] of a negative association between visceral AT, measured by CT, and total testosterone in premenopausal obese women. It should be noted, of course, that these new results were found in a new group of premenopausal subjects, whose anthropometric characteristics are similar to those of the previous group, and in whom all the hormonal analyses were performed in a different laboratory than the analyses in the previous study, except for the determination of 24-h urinary cortisol excretion performed in Verona. Our results contrast with those of Leenen et al. [4] , who found a positive association between visceral fat, evaluated by magnetic resonance imaging (MRI), and free testosterone, as calculated by the use of equations, in 33 premenopausal obese women. Recently, Pedersen et al. [18] showed a positive correlation between free testosterone, total fat mass and truncal fat, determined by DEXA, in young women covering a wide range of BMI [19.3-48.1] . On the other hand, Svendsen et al. [19] found no association between total testosterone, body fat distribution and body composition, determined by DEXA, in a group of postmenopausal obese women. Seidell et al. [20] , in a European study of women born in 1948, used the same Verona laboratory to measure testosterone levels. They, too, found no significant correlation between WHR and free testosterone, as evaluated by RIA, in a sample of 87 women from Verona, and likewise none in 100 Neapolitan women, or in 88 Swedish women. It is difficult to compare these studies because of differences in the methods used for the assessment of body fat distribution ; for example, regional body fat distribution, as evaluated by DEXA, generally determines only truncal fat (subcutaneous plus visceral abdominal fat), and is thus a poor index of regional fat distribution.
However, it must be noted that, because they are observed only in a sample of obese women, the results of our study may not provide reliable information about the relationships between regional body fat distribution and hormones in normal weight subjects.
In our subjects, after adjusting for age, the associations between visceral AT and sex hormones were no longer significant, thus suggesting that age, to a greater extent than visceral AT, seems to be associated with a decrease in sex hormones. These results are again at variance with those of Leenen et al. [4] , who, even after adjusting for age, found a significant positive association between visceral AT and free testosterone in women but not in men.
The role of age may be quite important because a negative association has been shown between age and sex hormones [21, 22] . It should be noted that we found a negative association between age and both free and total testosterone, and a positive association between age and FSH and LH. Age is the most powerful independent variable for predicting total testosterone, free testosterone and androstenedione levels. Our results seem to confirm previous reports [23, 24] .
Few studies have examined the relationships between body fat distribution, sex hormones and 24-h urinary cortisol excretion in postmenopausal women. Higher amounts of visceral fat in postmenopausal than in premenopausal women, even after adjusting for body weight, have been previously reported [25] . Our study shows significantly lower testosterone and higher visceral AT in postmenopausal than in premenopausal women ; taken together, these data may be itself responsible for the negative correlation between visceral AT and testosterone observed across the sample that includes both pre-and postmenopausal women. Moreover postmenopausal women are not only unable to produce testosterone from ovary, but also oestrogen and progesterone ; thus a different balance between testosterone and progesterone as well as between testosterone and oestrogen may be more important in determining body fat distribution than the levels of testosterone per se.
We did not find any association between urinary cortisol excretion and visceral fat either in pre-or postmenopausal women. These results are consistent with those of Kaye et al. [26] , who failed to observe associations between serum cortisol and WHR in 72 healthy postmenopausal women, but are at variance with those of Marin et al. [27] , who found no significant correlation between urinary cortisol excretion and BMI, but observed a positive significant correlation between urinary cortisol excretion and WHR, suggesting substantial sensitivity of the adrenal cortex in women with a high WHR. It is interesting to observe that the association between WHR and urinary cortisol excretion shown by Marin et al. [27] disappeared after adjustment for BMI, which would appear to confirm our present data and those of our previous report [28] indicating a relationship between BMI and urinary cortisol excretion. It is very difficult to evaluate the CRF-ACTH-cortisol axis, and even 24-h urinary cortisol excretion may not be an adequate parameter.
Our results seem to support the hypothesis of an increased sensitivity of the CRF-ACTH-cortisol axis in subjects with abdominal obesity [22] ; this seems to determine an increased secretion of CRF, which inhibits the secretion of gonadotrophins and steroid sex hormones [29] . However, abnormalities of the hypothalamo-adrenal axis might amplify the decreased secretion of steroid sex hormones as a result of ageing [22] .
Cross-sectional studies have shown an increase in visceral fat with age [30, 31] . Borkan et al. [30] , comparing body fat distribution, evaluated by CT, in 21 middle-aged men with that of 20 older men, reported a significantly higher amount of visceral AT in older men even though they weighed 8.2 kg less than middle-aged men. Enzi et al. [31] report similar results in 130 men and women with a wide range of BMI. Our results seem to show that age may be responsible for an increase of visceral AT through hormonal changes.
We found also a joint effect of age and visceral fat for SHBG ; a negative association between SHBG and both WHR [2, 32] and visceral fat [4] has already been reported. Our findings of a negative association between SHBG and fasting insulin confirm the relationship between SHBG and insulin resistance [32] [33] [34] .
Only two reports have evaluated the relationships between changes in regional body fat distribution after weight loss and sex hormones. We ourselves previously showed a prevalent decrease in visceral AT after weight loss in obese women [35] . Leenen et al. [4] have shown that a loss of visceral fat, as evaluated by MRI, independently of total fat loss, is significantly related to rises in the SHBG level and the free 17-β-oestradiol\free testosterone ratio in premenopausal women, but not in men. Pasquali et al. [7] , in obese hyperandrogenic amenorrhoeic women, found no relationship between changes in waist-tohip ratio and changes in sex hormones after weight loss, except for 17-β-oestradiol.
We analysed changes in hormones after VLED separately in pre-and postmenopausal women. None of the hormonal variables changed significantly after VLED in the postmenopausal group, except for FSH values. In the premenopausal group we found a significant increase in SHBG values, thus confirming the results of Leenen et al. [4] , and a significant reduction in LH and free testosterone levels. Urinary cortisol excretion decreased after weight loss in both pre-and postmenopausal women, though this change is significant only in premenopausal subjects.
We found no associations between changes in body fat and visceral AT after weight loss and changes in hormones in either pre-or postmenopausal women (data not shown).
The lack of positive correlations, on the other hand, does not rule out the hypothesis that redistribution of regional body fat may lead to an improvement in sex hormones.
The possible confounding interference of diet (very low energy) may make it harder to observe any association between changes in anthropometric variables and sex hormones.
Our results in terms of changes in hormones after weight loss seem to be in line with those of Harlass et al. [8] who found a significant reduction in LH and total testosterone values and a significant increase in SHBG values, in six obese anovulatory women after weight reduction.
In conclusion, our study shows a negative correlation in women between visceral AT and total testosterone levels, as well as between age and free testosterone, total testosterone and androstenedione. Age, to a greater extent than visceral fat, seems to be negatively associated with steroid sex hormones. Weight loss seems to induce significant improvements in sex hormones in premenopausal, but not in postmenopausal, women.
